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Abstract 
The disposal of effluents from wastewater treatment plants has met with increasing difficulty as the effluents are 
viewed to be contributing to potential pollution from nutrients (nitrogen and phosphorus) and pathogenic micro-
organisms. The effluents can also be considered, suitably treated, as a reliable source of water for agricultural and 
industrial purposes. 
In this paper the case for re-using effluents via soil filtration and groundwater recharge is examined. Advantages and 
disadvantages are considered in relation to recharging primary and secondary effluents on the Swan Coastal Plain, 
taking into account control of pollution, availability of renovated water, land-use requirement, suitability of the Swan 
Coastal Plain and its soils, control of odour and groundwater mounding, and the status of groundwater recharge tech-
nology. Two case studies are presented: an inland treatment plant producing secondary effluent and a coastal treatment 
plan producing primary effluent. 
It is concluded that water re-use via groundwater recharge on the Swan Coastal Plain warrants further 
investigation. 
l. INTRODUCTION 
There are three reasons why groundwater recharge with treated 
effluents should be seriously considered on the Swan Coastal Plain. 
(l) The increasing difficulty in disposing of effluents, and the 
potential benefit of renovated water. 
(2) The existence of shallow groundwater suitable for recharge close 
to where effluents are generated. 
c-" 
(3) Sufficient knowledge and experience has been accumulated to enable 
design of recharge systems to be carried out with confidence. 
These points will be elaborated in this paper with the objective 
of providing a more informed basis for discussing the advantages and 
disadvantages of such systems and the feasibility of implementing them. 
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2. THE PROBLEM OF EFFLUENT DISPOSAL 
The problems associated with effluent disposal on the Swan Coastal 
Plain can be related to 1) potential pollution from incidental ground-
water recharge from inland wastewater treatment plants and 2) disposal 
of effluent into a coastal water body with relatively little mixing. 
Not considered in this paper are effluents from septic tanks and 
from small industries disposing of effluent by soak wells or unlined 
ponds. Eventually these effluents will reach the unconfined aquifer, 
and it is to be expected that some pollution of the groundwater will 
occur. Although the total amount of effluent from septic tanks in the 
Perth Metropolitan Area is large (70 MQ, per day from 120 000 residential 
units), it is diffusely distributed, so that one expects that its 
effect on groundwater quality may not be large. The long term effect 
of 400 tonnes of phosphorus and 2 200 tonnes of nitrogen per annum from 
this source (Whelan, Barrow and Carbon 1979) however needs further 
in ves ti ga ti on. 
When effluents are collected and treated in a central treatment 
plant disposal may become a problem due to the amount that has to be 
disposed. Two situations in Perth are: 
(i) Inland Wastewater Treatment Plari·ts 
These plants treat primarily domestic wastewater to secondary 
effluent standards (Sanders and Fimmel 1978). Nutrients such as 
nitrogen are not removed during the treatment process. Disposal of the 
treated effluents to streams are not permitted by the Swan River 
Management Authority, hence effluent disposal by spray irrigation and 
groundw~er recharge becomes necessary. The total amount disposed at 
present is about 10 MQ, per day, and localised high nutrient input to the 
unconfined aquifer takes place at the final disposal sites. The Perth 
Metropolitan Water Board (1980) is conducting pilot trial at Canning 
Vale to dispose treated effluent via spreading basins to optimize the 
removal of pollutants. 
(ii) Woodman Point Wastewater Treatment Plant 
This plant at present treats 30 MQ,jday of wastewater using primary 
treatment alone, producing effluent with a B.O.D. of 300 mg/Q,, S.S. of 
130 mg/£ and total Kjeldal Nitrogen of 50 mg/£·. The daily amount of 
350 
nitrogen discharged to Cockburn Sound is significant (1.5 tonnes) and 
has been implicated as a major contributor to eutrophication and the 
resulting die-back of sea-grass in the Sound (Cockburn Sound Study 
Group 1979) . 
Three alternatives to alleviate the problem are treatment to 
tertiary level to remove nitrogen, disposal via pipeline to a more open 
ocean outside the Sound and land-treatment of the wastewater to remove 
nitrogen. All three alternatives are expected to be costly. Disposal 
via a pipeline has been estimated at $45 million by the Cockburn Sound 
Study Group (1979) . 
3. GROUNDWATER RECHARGE FOR WATER RE-USE 
\, 
In the context of the problem discussed above groundwater recharge 
on the Swan Coastal Plain can be seen as a means of utilizing soil for 
the removal of pollutants, and only when this is successful can the 
addition of renovated water to the aquifer be considered as a bonus. 
This approach is to be contrasted to recharging groundwater using 
wastewater which has been treated to meet potable water standards or 
nearly so, and that the recharge operation can be considered purely as 
a replenishment or storage operation with little or no further water 
quality improvement expected. 
In the Kwinana area adjacent to Cockburn Sound some salt water 
intrusion has taken place due to heavy groundwater withdrawal by 
industry and market gardeners, resulting in an overdraft above natural 
recharge rate (Layton Groundwater Consultants 1979). Groundwater 
recharge along the coast here will be beneficial in stopping the 
intrusion. The water quality improvement during groundwater recharge 
need not presumably be as high in this case. 
Two large groundwater mounds exist near Perth and are described 
elsewhere in this symposium. The inland wastewater treatment plants 
are located not far from the mounds, so recharge close to the top of 
the mound may not be too difficult. Piping of effluent from coastal 
treatment plants inland may be costly, so an alternative scheme such as 
recharging at a location downstream of groundwater production bores may 
have to be considered. The idea being that a higher withdrawal rate 
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from production bores is possible without causing lowering of water 
level in lakes, or salt water intrusion taking place due to lack of 
groundwater flow towards the sea. 
From the geohydrology point of view, the Swan Coastal Plain with 
its unconfined aquifer seems to be an ideal place for groundwater 
recharge. Depth to water table is, however, low in some locations, 
especially in the Bassendean dune area. Stratification(eg. coffee 
rock layer) may also restrict vertical hydraulic conductivity. Land 
at appropriate locations is therefore required. Land use conflict 
between land for groundwater recharge and for other purposes needs to 
be carefully considered. The area of land required for recharge basins 
for secondary effluent currently produced from inland treatment plants 
is approximately 7 ha. This area is calculated based on a design 
procedure described below (section 4) . To this must be added land area 
for auxilliary facilities such as pre-sedimentation basins, pumping 
stations, and buffer zones, which may double or triple the land area 
requirement. Such a land area requirement should not present too great 
a problem. For the primary effluent currently produced from the 
Woodman Point Treatment Plant the area requirement for recharge basins 
is 50 ha. The total land area is sizeable, although it is only a very 
small portion of the Jandakot groundwater mound which has an area of 
11 200 ha. For comparison purposes the size of the red mud pond 
~ 
presently used by Alcoa (F - lake) is 160 ha. 
Against the demand for land, the advantage of having renovated 
water to the tune of 40 ~ per day should be considered. This water 
can be withdrawn continuously and used for agricultural and industrial 
purposes. Withdrawal is actually desirable to prevent excessive 
groundwater mounding below recharge sites, which may take place when 
recharged groundwater is allowed to drain by gravity alone. An 
alternative method to prevent excessive mounding is to spread the 
locations of the recharge basins, and in practice it may be more 
desirable from the point of view of acquiring the land. 
The soils of the Swan Coastal Plain where the groundwater mounds 
are located consist of fine to medium grain sand. The hydraulic 
conductivity of the soils are high (greater than 10 m/day) and will not 
be a limiting factor for groundwater recharge.. The reverse is in fact 
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true that too rapid percolation reduces the capacity of soils to remove 
pollutants. Modification of surface soil at recharge sites by the 
addition clay can overcome this problem, while at the same time the 
cation exchange capability of the clay will enhance the removal of 
pollutants (Ho, Mathew and Newman 1980) . The red mud residue from the 
processing of bauxite to alumina may possess the right properties to 
be used as a soil modifier. The land area requirement and the 
properties of the red mud point to the desirability of investigating 
the possibility of utilizing red mud lakes as wastewater renovating 
basins. 
4. GROUNDWATER RECHARGE TECHNOIDGY 
The benefits of wastewater reuse via groundwater recharge have been 
recognized for sometime, so also have the potential public health risks. 
In a recent article, Roberts (1980) reviewed these based on the 
Californian e.xperience, and concluded that 'groundwater recharge is an 
economical technique for achieving quality improvement, storage and 
transmission of groundwater', and that 'groundwater recharge of 
reclaimed water for agricultural use is almost universally accepted as 
safe and cost-effective'. 
Investigations on the long term effects of land application of 
primary and secondary treated wastewaters by the U.S. E.P.A. reveal that 
there have been no long term detrimental effects on soil or groundwater. 
A summary of the investigations (Leach, Enfield and Harlin 1980) also 
provides a rationale for the design of such systems. Based on the above 
studies primary effluent has been found to give bet·ter nitrogen removal 
compared to secondary effluent. This is because primary effluent has 
a higher content of organic carbon essential for denitrification. The 
resulting renovated waters have similar characteristics in both cases 
as soil provides an excellent medium for B.O.D. removal. 
Application of the above design procedure to effluents from Canning 
Vale and Woodman Point Wastewater Treatment Plants gives results as 
shown in Table 1. It can be seen from Table 1 that because of the low 
B.O.D. of the effluent from Canning Vale, only 5 mg/~ of N can be 
removed. Ensuring denitrification to that extent limits the hydraulic 
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Table 1. Hydraulic loadings and nitrogen removal based on u.s. E.P.A. 
design procedure (Leach et. al. 1980). 
Design parameters 





ca, mg/ £ 20 
Mg, mg/ £ 10 
Sodium adsorption ratio (SAR) 6. 6<9 
2. Soil hydraulic conductivity 
at recharge .site, m/d. 
3 • B • 0 • D • , mg/ £ 
4 • S • S • , mg I£ 
5. Maximum nitrogen removal 
based on C:N ratio, mg/£ 
Total nitrogen in effluent 
mg/£ 
6. Loading based on worst case 
hydraulic conductivity, rn/d. 
7. Loading based on B.O.D. 
limi ati on, m/ d 
8. Loading based on S.S. 
limitation, m/d 
9. Loading based on 
nitrification limitation, 
m/d 











Not all nitrogen 
can be removed 











Assumed SAR is not 







All nitrogen can 
be removed 







Effluent data from Binnie and Partners (1976) 
Effluent data from Cockburn Sound Study Group (1979) 
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loading to a maximum of 0.87 m/d. To remove all the nitrogen in the 
effluent its B.O.D. should be at least 26 mg/£. And so here we have the 
unusual.situation that to remove nitrogen by land application, the 
effluent should not be unduly treated for B.O.D. removal. The maximum 
loading rate with a B.O.D. of 26 mg/£ is 0.28 m/d, which is a limitation 
imposeq by the need to ensure complete nitrification. The land area 
requirement to treat 10 M£/d from inland treatment plants of about 7 ha 
mentioned in section 3 is based on this loading rate. 
With Woodman Point effluent, nitrogen removal is not limited by the 
availability of organic carbon as its B.O.D. is high. The maximum load-
ing is in fact limited by the objective of reducing B. 0. D. to less than 
5 mg/£, and it is fairly low (0.075 m/d). The land area requirement to 
treat primary effluent is therefore larger than for secondary effluent 
per unit volume of effluent. About 50 ha is required to treat the 
30 M£/d of effluent from Woodman Point based on the above loading. 
The nature of soils sui table for groundwater recharge using 
effluents is not discussed in the U.S. E.P.A. design procedure, neither 
is the optimum flooding and drying periods of the recharge basins. 
The groundwater recharge project at Flushing Meadows, Phoenix, 
Arizona (Bouwer et. al. 1979) has shown that nitrogen removal is 
increased with a decrease in loading rate, and that there is an 
optimum flooding and drying cycle for nitrogen removal. The cation 
exchange capacity of the soil is also an important factor in the 
success of nitrogen removal, since initially ammonium ions in the 
effluent need to be adsorbed by the soil prior to nitrification during 
the drying period and subsequent denitrification during the next 
flooding period. 
Work at Murdoch university has included the development of a model 
that will enable us to optimize nitrogen removal (Ho, Mathew, Newman 
1980), and continuing experimental work to obtain parameters of the 
model and for model refinements. 
All the work reviewed above shows that groundwater recharge using 
either primary or secondary effluent can be expected to produce 
renovated water suitable for agricultural and industrial purposes, and 
prevent pollution of groundwater and surface water. TI1e recharge 
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system of course needs to be designed and operated properly. Factors 
which have to be taken into account include: 
1. Soil beneath the recharge basins should have adequate hydraulic 
conductivity and cation exchange capacity. Soil modification to 
achieve the right mix is an option that can be inplemented. 
2. Loading rate should be carefully regulated to obtain maximum 
removal of pollutants. 
3. Carbon to nitrogen ratio is also a variable that can be regulated 
to achieve maximum removal of pollutants. 
4. Groundwater mounding can be controlled by spreading the location 
of recharge basins, and by withdrawal of renovated water. 
5. With primary effluent odour control by maintaining the effluent 
aerobic during transportation is es.sential. 
Nitrogen removal has been the primary focus in the discussion above 
as it is a potential pollution problem on the Swan Coastal Plain, as it 
is elsewhere. Removal of nitrogen by soil entails initially removal by 
soil adsorption prior to nitrification - denitrification. It follows 
that soils which can successfully adsorb ammonium ions should also be 
able to adsorb heavy metals, bacteria and viruses (charged particles), 
and this has been the finding of the U.S. E.P.A. long term infiltration 
system studies quoted above (Leach et. al. 1980). 
The potential demand of renovated wastewater by industry and 
agriculture needs to be ascertained. A recent paper by Barnes (1981) 
reviewed the re-use of wastewater in the Western Australian Goldfields. 
If the paper is any indication there is a lot of water use in industry 
that can be substituted by renovated wastewater once it is made 
available. 
5. CONCLUSIONS 
Groundwater recharge with primary or secondary effluent on the 
Swan Coastal Plain should be viewed as a means of pollution control, 
especially from nitrogen contained in it. Proper design and operation 
of recharge systems can remove the nitrogen and other pollutants thus 




Barnes, H.E. (1981). The Re-use of wastewater in the Western 
Australian Goldfields. Proc. 9th Australian Water and Wastewater 
Association Convention, paper no. 20-5. 
Binnie and Partners (Australia) (1976) . Perth Groundwater Recharge 
Study, for Metropolitan Water Supply Sewerage & Drainage Board, 
Perth. 
Bouwer, H., Rice, R.C., Lance, J.C., and Gilbert, R.G. (1979). 
Ten Years of Rapid-Infiltration Research : The Flushing Meadows 
Project, Pheonix, Arizona, U.S.D.A. Science and Education 
Administration. 
Cockburn Sound Study Group ( 1979) . Cockburn Sound Environmental Study, 
Department of Conservation & Environment, Perth, W.A. 
Ho, G.E., Mathew, K., and Newman, P.W.G. (1980). Groundwater recharge 
using treated sewage - suitability of soils of the Swan Coastal 
Plain, W.A. for nitrogen removal. Groundwater Recharge Conf., 
Preprints, p. 181-198, Australian Water Resources Council, 
Department of National Development. 
Layton Groundwater Consultants (1979). Cockburn Sound Groundwater 
Survey for Cockburn Sound Study Group, Department of Conservation 
& Environment, Perth, W.A. 
_Leach, L.E., Enfield, e.G., and Harlin, c.c. (1980). Summary of 
Long-term Rapid Infiltration System Studies, E.P.A. - 600/2-80-165. 
Metropolitan Water Board (1980). Development Plan 1980-1085, Perth, W.A. 
Roberts, P.V. (1980). Water Reuse for Groundwater Recharge :·An 
Overview. J. American Water Works Association, 375-379. 
Sanders, B.S. and Fimmel, R.J. (1978). Extended Aeration in Perth, 
Water, -~ (1), 16-19. 
Whelan, B.R., Barrow, N.J. and Carbon, B.A. (1979). Movement of 
Phosphate and Nitrogen from Septic Tank Effluent in Sandy Soils 
near Perth, Western Australia. Groundwater Pollution Conf., 
Preprint Papers, p. 226-233, Australian Water Resources Council, 
Department of National Development. 
357 
